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ABSTRACT 



In a press fit arrangement of a tubular nut member in an 
enlarged end portion of a hollow shaft, typically used in an 
electric power steering device, a region of loose fit is 
provided in a part of an interface between the tubular nut 
member and the enlarged portion, adjacent to an annular 
shoulder defined at die inner boundary of the enlarged 
portion. The region of loose fit can be achieved by provided 
an annular recess in the inner bore of the enlarged portion 
and/or the outer circumferential surface of the nut member. 
Thereby, the region of a relatively high rigidity, which is 
created by the provision of the annular shoulder, is prevented 
from being involved in the press fit when the nut member is 
fitted into the inner bore of the enlarged portion until the 
inner end of the nut member abuts the annular shoulder so 
that a relatively uniform tight fit can be achieved between 
the nut member and the enlarged portion over a relatively 
large axial length. Thus, a desired tight fit can be achieved 
without requiring any undue press fitting pressure or without 
causing any undue deformation to the nut member. 

8 Claims, 3 Drawing Sheets 
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Fig - 2 
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PRESS FIT ARRANGEMENT OF A NUT hollow shaft which can allow a desired tight fit to be 

MEMBER IN AN ENLARGED END PORTION achieved therebetween without causing any undue deforraa- 

OF A HOLLOW SHAFT ^ovi of the nut member. 

A second object of the present invention is to provide a 

TECHNICAL F IEL D 3 press fit arrangement of a tubular nut member in an enlarged 

end portion of a hollow shaft which can allow a de sired tight 

The present invention relates to a press fit arrangement of fit to be achieved therebetween without requiring any undue 

a tubular nut member in an enlarged end portion of a hollow pressure for press fit 

shaft, and in particular to a press fit arrangement suitable for a third object of the present invention is to provide a press 

use in a mechanism for converting rotational movement of 1Q fit arrangement of a tubular nut member in an enlarged end 

a hollow shaft into an axial movement of a screw rod portion of a hollow shaft which is economical and easy to 

coaxially received in the hollow shaft via a tubular nut assemble. 

member press fitted into the hollow shaft and threadably A fourth object of the present invention is to provide a 

meshing with the screw rod. This arrangement is particularly press fit arrangement of a tubular nut member in an enlarged 

useful for electric power steering devices. 15 end portion of a hollow shaft which is suitable to be 

implemented in electric power steering devices for mass 

BACKGROUND OF THE INVENTION production. 

Conventionally, a compactly designed electric power ™ cs ° f d ^er objects of the present invention can be 

steering device typically comprises a hollow shaft carrying achieved * Providing a press fit ^angement of a tubular 

amoto?am»tureA^ 20 » « eod P™ * • Tj? 

coaxially received in the hollow shaft, and a ball screw c <™ f J* P°* on of said hoUow shaf^ 

mechanism interposed between the hollow shaft and the an ™™*»* shoulder being defined at an inner end of the end 

screw rod. wheTeby the torque produced by the motor P°f>n and the .tubular nut member threadably mestog 

armature is converted into the axial force of the screw rod. ™th » ^ w ^ 15 «** iaU J < ec T " ^ 

and. hence, the drive shaft. The drive shaft is connected to 25 nut and the hollow shaft, and provided wUh a corresponding 

the front wheels via tie rods so that the torque produced by screw thread, wherein: a region of loose fit is provided I n i a 

the motor armature actuates the front wheels. * part of an interf ace between the tubular nut member and the 

end portion, adjacent to the annular shoulder. 

FIG. 4 shows a conventional arrangement for an electric ■ r , . c , £t , . ,. . . 

. . . _ . . . * - . -a a -4U Thus, the region of loose fit, which may be achieved by 

power steering device. The drive shaft 1 is provided with a ' B . . ' - f . 

l i7 * , - . ... . * u * u 30 provided an annular recess in the inner bore of the end 

ball screw thread la and a tubular nut member 6 w^ch 30 P ^ diameter 

meshes with the baU screw Uiread ^^^^.^ man the adjacent region of the hollow shaft, and/or the outer 

fitted into an enlarged end i rx^rUon 4 of a hoUow shaft 2. The circumfcfcntiaJ su £ C e of the nut member, prevents the 

inner end of the nut member 6 abuts an annular shoulder 4a . - . , ... . . ... . . . . *. . . ±* 

. - . ^ . . . c i a A *~ region of a relatively high rigidity, which is created by the 

defining the inner boundary of the enlarged portion 4 to ^ . . ' * r, i . . ■ /L 

7^ . * . . A \ . , 6 . J* 35 provision of the annular shoulder, from being involved in the 

thereby axiaily locate the nut member 6, and the open outer y _ . _ . . . . . . r. . . . , 

a Zu u « u o • a ' a\ ~ .SI- press fit when the nut member is fitted into the inner bore of 

end of *e hollow shaft 2 is enmped inwardly onto the outer £ ^ ^ fte ^ ^ of ^ ^ member ^ 

end surface of the nut member 6. ^ m ^ shoul(Jer (he ^ bouodary of ^ end 

In such an arrangement, the annular shoulder 4a creates a port i 0 n so that a relatively uniform tight fit can be achieved 

region of high rigidity, and the enlarged portion is hence ^ betwecn ^ nut mem ber and the end portion over a rela- 

provided with a progressively higher rigidity against radial dvely ^ length a ^sired ught fit can be 

deformation with the increase in the distance from the outer ac hicved without requiring any undue pressure or without 

end, or from part A to part C Therefore, when the nut causiBg undue deformauon to the nut member, 

member 6 is press fitted mto the inner bore of the enlarged ^ feccss be ovided either with a sub . 

portion 4. part C provides a highly tight fit as cornpared to 45 ^ or with a u ^ me , 

^ A a ^ B ;. ^T^;^^ ~ JK^tS The present invention is particularly suitable for use in an 

smaU conm^uons to the Ught fit : between i the ^nut member ^ ^ . q wWch ^ hQl]ow ghaft ^ 

6 and the enlarged portion 4. In other words, when a desired _ , .f L 4 ° ^ ... . . . , 

. . - . * *T . . ^ . , , . fitted with a motor armature, and the drive shaft is connected 

tight fit is achieved between the nut member 6 and the , . . .„ 

^ . . . , *• 1 1 l a *_ to tie rods for steering road wheels. 

enlarged portion 4. a substantially large inward stress is 6 

applied to the nut member 6 at part C which may impair a BRIEF DESCRIPTION OF THE DRAWINGS 

satisfactory operation of the ball screw mechanism This is Now toe p rcsent invention is described in the following 

very significant because a slightest radial deformation of the with rc f erence to the appended drawings, in which: 

nut member 6 could cause a substantial increase in the nG x h ft fron , ^ of an eigctncpower steering device 

friction of the ball screw mechanism Conversely, when the J5 tQ which ^ preseQt ittmagm is app]itd; 

pressure involved in the tight fit between the nut member 6 nG fragmcntary scctioDaJ vi ew of a ^ crabodi „ 

and the enlarged portion 4 is reduced so as not to cause any mcnt of * flt ^ t uscd in thc clcc(ric owcr 

excessive deformation to the nut member 6. a desired Ught dcy f cc RG accofdi ^ t 

fit may not be achieved and a relauve movement between « ^ sccond 

the nut member 6 and the hoUow shaft 2 could occur. This "^*. * 10 6 

last situation is obviously impermissible for saUsfactory 60 ^ment of the pre ent invent on; and 

operation of the electric powe7steering device. ™. 4 is a view similar to FIG. 1 showing a conventional 

press fit arrangement. 

BRIEF SUMMARY OF THE INVENTION DETAILED DESCRIPTION OF THE 

Inviewofsuchproblernsof^ 65 PREFERRED EMBODIMENTS 

of the present invention is to provide a press fit arrangement FIG. 1 shows an electric power steering device to which 

of a tubular nut member in an enlarged end portion of a the present invention is applied. In FIG. 1. a drive shaft 1 is 



12/19/2002, EAST Version: 1.03.0007 



5,738.181 

3 4 

coaxially and axiaUy slidably received in a tubular casing between the nut member 5 and the enlarged port™ .4 at the 

extending laterally across a vehicle body which is not shown part C (region of loose At). THereby a relatively ught fit can 

in the drawing, and is connected to right and left front be achieved between the nut member 5 and the enlarged 

wheels via tie rods, at axial ends thereof. An Intermediate portion 4 over a relatively large length of the nut member 5. 

Dart of the drive shaft J is provided with a rack (not shown 5 Thus, a favorable tight and secure fit can be achieved 

inthe drawing), and a pinion attached to a pinion shaft 12 between the nut member 5 and the enlarged portion 4 

meshes with mis rack. T V ith " ut ausiM aflv undue ^fo"""""" tf > &c nut me mber 

, . . . . „ ,„ , „„ , A 5. Additionally, no substan tial axial force is requited for 

A hollow motor shaft 2 is coaxially fitted on the drive 1™^"*^^ member S In to the inner boracrflhT 

shaft 1. and a motor armature 3 is fixedly and coaxially BEess=aH»fcp_jai_!^ if 

secured on the outer circumferential surface of the hollow w P 0 * 00 4 

motor shaft 2 so as to rotate integrally with the hollow shaft FIG. 3 shows a second embodiment of the present 

2 The drive shaft 1 and the hollow motor shaft 2 are invention, and the parts corresponding to those of the first 

engaged with each other by a ball screw mechanism which embodiment are denoted with like numerals. In this 

converts the rotational movement of the hollow motor shaft embodiment, an annular recess 8 is provided arpund_0je 

2 into the axial movement of the drive shaft 1. Thus, the U innergndpggonji DlK nut mrmtw 5. In other words, the 

rotative torque produced by the motor armature 3 is con- annular recess 8. consisting of a tB^^SSJSS^ 

verted into the axial force of the drive shaft 1 which in turn extends from an axially intermediate part of the nut member 

steers the front wheels, to assist the manual steering effort 5 to the axially inner end thereof. TMs embodiment may be 

applied to a steering wheel (not shown in the drawing) easier and less exp ensive to implement as it is substanually 

connected to the pinion shaft 12. 20 easier to form tne annular recess » in outer circumferential 

HG 2 shows an essential part of the ball screw mecha- surface of the nut memb* 5 than the annular recess 7 in the 

no. * wiuw» 4ui «>^*"* f inner circumferential surface of the enlarged portion 4. and 

?2£ ^iSr^Z^TZ ** re~ ss 8 may addifion^y p^vide a & 

^tS\t^ ^^&^ent.andca„providesimi,aradvan- ^ 

reducing friction, and is press fitted into the internal bore of ,a S es - 

the enlarged portion 4. The inna end of the nut member 5 It is also possible to form the anaularrecess 8 as a tapered 

abuts an annular shoulder 4a which defines the inner bound- p ortion definedTyaconical section. Having a suitable cone 

ary of the enlarged portion 4. and the outer end of the hollow 30 anulfc^eAleuUilU! ovei an Ulufci -^ey^et^^T^ l \L 

shaft 4 is crimped onto the outer end of the nut member S to -mefiffieTS^ According to this moomea emDoaiment. in f\ 

retain the nut member 5 in the enlarged portion 4. ^oTESoMo the above mentioned advantages an ev^njnorc 

wiUianannularrecessT^^ u * 

bore of the enlarged portion 4. extending from an axially TRus. accordingto the present invention, when press 

intermediate part thereof to the annular shoulder 4a. is fitting a tubular nut member into an enlarged end portion of 

provided with a somewhat larger inner diameter than the a hollow shaft, by providing a region of loose fit adjacent to 

fining oart of the inner bore. Thus, th e annular recess^ the annular shoulder defining the inner boundary of the 

surrounds the free end no rtJonofthe nut member * whick is enlarged portion, it is possible to aduevg a relatively uni- 

r^TgitT^ririic rae inner bore of the enlarge d ittrttinV form ti ght fit ov er a substantial axial l.engti). Therefore, a 

nn ,ii thrfi^en ^ thereof abuts V annuls .boulder 4a^d lecul^WreliaSk fit can be achieved without requiring, an y 

tj^cbfdcfinT sTre^on oJJ &^Il^ undue press fitting pressure or without involving any undue_ 

This annular recess 7 iT^dvatogeou^^ 45 d^tormatjon at me nut member: 
reason. Suppose that there is no annular recess as illustrated * Althoughlne present invention has been described in 
inFTG 4 When the nut member 5 is press fitted into the ten J of preferred embodiments thereof, it is obvious to a 
inner bore of the enlarged portion 4 until the free end thereof person skilled in the art that various alterations and modi- 
abuts the annular shoulder 4a, the different parts A. B and C fications are possible without departing from the scope of 
of the enlarged portion. 4 present different rigidities with 50 the present invention which is set forth in the appended 
respect to the deformation of the enlarged portion 4 resulting claims. 

from the press fitting of the nut member 5. Typically, the What we claim is: ^ , w . 

rigidity progressively increases with the d istance from the 1. In a press fit arrangement of a tubular nut member tn 

o^eTen^f^farr margcid portion 4 or with t h e proxunityjp an end portion of a hollow shaft, an annular shoulder being 

(fi e annular shoulder 4a. Thcre forcTTgj^ 55 defined at an inner end of said end portion, and said rubular 

o^SSy^rS^mh fit t he nut memb er^TnTo the inner nut member threadably meshing with a drive shaft which is 

bore tecauseJhgrarl^^ coaxially received in said tubular nut and said hollow shaft, 

A^Tr^rt B. As a result, an extremely tight JU may be and provided with a corresponding screw thread, wherein: 

achieved bv vsx L C. but parts^A ana a mSv' be made a region of loose fit is provided in a part of an interface 

ineffective i n retaining jhgjuit T r> ^ m>v>r S in the inner bore. ^ between said tubular nut member and said end portion, 

Furthermore, the rigidity"©! part A may be so high that thg ^ adjacent to said annular shoulder, 

nut member 5 ma y be deformed in radially inward directio n. 2. In a press fit arrangement according to claim 1 , wherein 

ThU [j imH^irahle as it niiv impair the satisfactory^ exa- said re gion of loose fit is created by an annular recess 

tion of the ball screw mecha nism*. provided in a part of an inner bore of said end portion 

' By provision of the annular recess 7. the nut member 5 is 65 adjacent to said annular shoulder. 

press fitted into the inner bore of the enlarged portion 4 over 3. In a press fit arrangement according to claim 1. wherein 

parts A and B (region of tight fit) while there is no contact said region of loose fit is created by an annular recess 
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provided in a part of an outer circumferential surface of said 
nut member adjacent to said annular shoulder. 

4. In a press fit arrangement according to claim 3. wherein 
said annular recess is provided with a substantially uniform 
outer diameter. 

5. In a press fit arrangement according to claim 3, wherein 
said annular recess is provided with a tapered profile. 

6. In a press fit arrangement according to claim 1. wherein 
said end portion of said hollow shaft comprising of an 
enlarged portion of said hollow shaft 



7. In a press fit arrangement according to claim 6. wherein 
an inner axial end of said nut member abuts said annular 
shoulder defining the inner boundary of said enlarged end 
portion. 

8. In a press fit arrangement according to claim 1. wherein 
said hollow shaft is fitted with a motor armature of an 
electric power steering device, and said drive shaft is con- 
nected to an output end of said power steering device. 
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